3GPP TSG GERAN #38
TDoc GP-xxx
Malaga, Spain
 Agenda Item: 7.1.5.6

12th - 16nd May 2008

Source: Huawei Technologies Co., LTD.
3GPP TSG GERAN #40
TDoc GP-081501
Miami, USA
 Agenda Item: 7.1.5.10
17th – 21st November 2008

Source: Huawei Technologies Co., LTD

System Level Evaluation of MUROS Specific Frequency Hopping Schemes
1 Introduction

Several diversity schemes have been proposed as enhancements to the MUROS concept (see [1], [2], [3], [4]). It was believed that when two users are paired in MUROS mode, each user is constantly interfered by the user on the other sub-channel. It would be beneficial to all users on MUROS sub-channels if some kind of interference diversity is created among these sub-channels, or among these sub-channels and other non-MUROS traffic channels. One possible way would be to make the second sub-channel hop with a different frequency sequence from the one used by the first sub-channel. In this contribution, some preliminary system level simulation results are provided for OSC with the frequency hopping scheme proposed in [2] (abbreviated to FHS).
2 Network configurations
The network configurations are shown in Table 1. It was based on MUROS-1 [5], but was slightly modified to adapt to FHS. Due to the limitations introduced by FHS, the frequency hopping type was modified to be baseband, and TCH frequency re-use was 1/3 instead of 1/1.
The channel mode adaptation types are shown in Table 2. It is believed that type C and F are most useful in evaluating how many capacity gains can be obtained by introducing MUROS in current networks.

The definition of minimum call quality performance coincides with [5] (2% FER threshold for full rate channels and 3% FER threshold for half rate channels). A call that didn’t meet the requirements of minimum call quality was classified as a “bad quality call”. In addition, an antenna pattern of 65° beamwidth was used in the simulation setup.
Adaptation between OSC and non-OSC channel was accomplished through intra-cell handover. No sub-channel power control scheme was applied, which means that the ordered output power in the downlink was adapted to the weaker sub-channel. All mobile stations were assumed to be DARP Phase 1 capable and MUROS aware.
Table 1  Network configurations 

	Parameter
	Modified MUROS-1

	Frequency band (MHz)
	900

	Cell radius
	500 m

	Bandwidth
	4.4 MHz

	Guard band
	0.2 MHz

	# channels excluding guard band
	21

	# TRX
	4

	BCCH frequency re-use
	4/12

	TCH frequency re-use
	1/3

	Frequency Hopping
	Baseband

	Length of MA (# FH frequencies)
	9

	Fast fading type
	TU3

	BCCH or TCH under interest
	Both

	Network sync mode
	Sync


Table 2  Channel mode adaptation
	Channel Mode Adaptation 
	Channel modes

	Type C1
	AFS 5.9 <-> OSC (AFS 5.9)

	Type F1
	AFS 5.9 <-> AHS5.9 <-> OSC (AHS 5.9)


3 Simulation results
The ratios of bad quality calls under different traffic loads are shown in Figure 1 and Figure 2. Since all simulated cases were quality limited, the ratios of blocked calls are not shown.
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Figure 1  Bad quality calls of C1
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Figure 2  Bad quality calls of F1
The spectral efficiency and hardware efficiency of all simulated channel mode adaptation types as defined in [5] are shown in Table 3.
Table 3  FHS spectral efficiency and hardware efficiency
	Type
	Spectral Efficiency [Erlang/MHz/site]
	Hardware Efficiency [Erlang/TRX]
	Limiting factor

	C1 without FHS
	16.68
	7.25
	Bad quality calls

	C1 with FHS
	17.60
	7.65
	Bad quality calls

	F1 without FHS
	18.00
	7.82
	Bad quality calls

	F1 with FHS
	17.92
	7.79
	Bad quality calls


4 Discussion

It can be seen that in channel mode adaptation type C1, the gain of FHS was positive (about 5.52%), whilst the performance of F1 with and without FHS were very similar under all traffic loads (see Figure 2), and FHS even contributed a negative gain (about -0.44%) at the 5% threshold of bad quality calls.
One of the major benefits of FHS is that MUROS sub-channels may exploit some extra call qualities from non-MUROS traffic channels. This approach works well when the qualities of non-MUROS traffic channels are good enough, which is the case in C1, but obviously not the case in F1. This might be one reason why the gains of C1 and F1 are different.
Furthermore, as indicated in [6] at GERAN #39, when two users with very different radio conditions are paired together, or at least one of the paired users is at the cell boundary, both users will make negative contributions to network KPIs. With smart channel mode adaptation algorithms, the possibility of such situations was kept in a reasonable range. But with FHS, the possibility of unsuitable pairing increased. In F1, many calls were sensitive to quality variations, even if the changes were not large and didn’t last for a long period of time. This might be another reason why FHS provided no gain in F1.
It was also found during simulations that with FHS, two hopping sequences generated by the same MA, different MAIOs and different HSNs and used by different sub-channels may collide for several consecutive HR frames. This is highly undesirable in frequency hopping schemes.
In [3] an improved frequency hopping scheme (“MAIO hopping”) was proposed. It avoids frequency collisions by making the Q sub-channels hop among different MAIOs. Furthermore, it can be used in cells utilizing synthesizer hopping (maybe with some changes in BTS implementations). But the performance gains are expected to be very similar to the one evaluated in this contribution, since the basic idea of interference diversity has not been changed.
5 Conclusion
This contribution evaluates the system level performance of the MUROS specific frequency hopping scheme proposed in [2]. Results show that under a scenario similar to MUROS-1, the frequency hopping scheme yields positive gains in AFS 5.9 cases, and no gains in AHS 5.9 cases. Considering the implications on various RRM algorithms [6], it seems not cost-efficient to implement FHS in MUROS. The impact to the BSS should be evaluated carefully.
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